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(57) ABSTRACT 

One embodiment provides a method for fabricating a trans 
lucent phosphor ceramic compact comprising: heating a pre 
cursor poWder to at least about 10000 C. under a reducing 
atmosphere to provide a pre-conditioned poWder, forming an 
intermediate compact comprising the pre-conditioned poW 
der and a ?ux material, and heating the intermediate compact 
under a vacuum to a temperature of at least about 14000 C. In 
another embodiment, the compact may be a cerium doped 
translucent phosphor ceramic compact comprising yttrium, 
aluminum, oxygen, and cerium sources. Another embodi 
ment may be a light emitting device having the phosphor 
translucent ceramic provided as described herein. 
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METHOD OF FABRICATING TRANSLUCENT 
PHOSPHOR CERAMICS 

BACKGROUND 

[0001] 1. Field of the Invention 

[0002] This invention relates to light emitting devices, such 
as light emitting devices comprising phosphor translucent 
ceramics. 

[0003] 2. Description of the Related Art 
[0004] White light-emitting devices may be fabricated 
using a combination of a blue light-emitting diode (LED) and 
a phosphor material. These devices are often con?gured so 
that the blue light from the blue light-emitting diode comes in 
contact With the phosphor material so that the phosphor mate 
rial may absorb a portion of the blue light and emit light that 
is of a longer Wavelength. As a result, these materials have 
been described as Wavelength converting or color changing 
materials. This alloWs the device to emit a combination of 
light that appears more White. There are tWo common meth 

ods for doing so. First, the phosphor particles may be dis 
persed in another solid component, for example, an encapsu 
lent resin, through Which the light passes, thus coming into 
contact With the dispersed phosphor particles. Second, the 
phosphor material may be in the form of a phosphor ceramic 
compact, in Which case the blue light Would pass through the 
compact. 
[0005] The disadvantage of the phosphor particles is that 
particles that are large enough to be emissive have a tendency 
to scatter the light, thus reducing the White light emission of 
the device. On the other hand, the phosphor ceramic compacts 
are generally prepared by annealing of the phosphor poWder 
and subsequent sintering of the compact, Which condition can 
affect the luminescent ef?ciency of the phosphor ceramic. 
Luminescence ef?ciency can be improved by annealing the 
phosphor ceramic compacts under a reducing atmosphere, 
but that tends to make the compacts more opaque, thus reduc 
ing the utility of the light-emitting device. Thus, there is a 
need for a translucent phosphor ceramic compact With 
improved luminescence. 

SUMMARY OF THE INVENTION 

[0006] One embodiment provides a method for fabricating 
a cerium doped translucent phosphor ceramic compact com 
prising heating a precursor poWder comprising yttrium, alu 
minum, oxygen, and cerium sources to a temperature of from 
about 10000 C. to about 13500 C. under a reducing atmo 
sphere to provide a pre-conditioned poWder; forming an inter 
mediate compact comprising the pre-conditioned poWder and 
a ?ux material; and heating the intermediate compact under a 
vacuum at a temperature of from about 14000 C. to about 
18000 C. 

[0007] Another embodiment provides a method for fabri 
cating a translucent phosphor ceramic compact comprising: 
heating a precursor poWder to at least about 10000 C. under a 
reducing atmosphere to provide a pre-conditioned poWder; 
forming an intermediate compact comprising the pre-condi 
tioned poWder and a ?ux material; and heating the interme 
diate compact under a under a vacuum to a temperature of at 
least about 14000 C. 
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[0008] Another embodiment provides a light emitting 
device having the phosphor translucent ceramic provided as 
described herein. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0009] FIG. 1 is a schematic diagram of one example of a 
device comprising a phosphor translucent ceramic compact 
disclosed herein. 
[0010] FIG. 2 is a schematic diagram of an alternate 
example of a device comprising a phosphor translucent 
ceramic compact disclosed herein. 
[0011] FIG. 3 is a schematic diagram of an alternate 
example of a device comprising phosphor translucent 
ceramic compacts disclosed herein. 
[0012] FIG. 4 shoWs another embodiment of a device com 
prising phosphor translucent ceramic compacts disclosed 
herein. 
[0013] FIGS. 5A and 5B are TEM micrographs of one 
embodiment of an yttrium aluminum oxide precursor poWder 
prepared as described herein. 
[0014] FIGS. 6A and 6B are TEM micrographs of one 
embodiment of an yttrium aluminum oxide pre-conditioned 
poWder prepared as described herein. 
[0015] FIG. 7 shoWs XRD spectra of yttrium aluminum 
oxide particles With different Ce doping ratios. 
[0016] FIG. 8 shoWs XRD spectra of yttrium aluminum 
oxide pre-conditioned poWders With a Ce/Y ratio of 0.267. 

DETAILED DESCRIPTION OF EMBODIMENTS 

[0017] One embodiment provides a method of preparing a 
translucent phosphor ceramic compact that has both high 
luminous ef?ciency and high transparency. The method com 
prises heating a precursor poWder to at least about 10000 C. 
under a reducing atmosphere to provide a pre-conditioned 
poWder, forming an intermediate compact comprising the 
pre-conditioned poWder and a ?ux material, and heating the 
intermediate compact under a vacuum to a temperature of at 
least about 14000 C. A “translucent phosphor ceramic com 
pact” may be a ceramic object that is translucent and com 
prises a plurality of ceramic particles, Wherein at least a 
portion of the plurality of ceramic particles have suf?ciently 
adhered to one another to form a single piece object. 
[0018] In some embodiments, the translucent phosphor 
ceramic compact, the intermediate compact, the precursor 
poWder, or the pre-conditioned poWder may comprise (A1_ 
xEx)3B5O12, WhereinA isY, Gd, La, Lu, Tb, or a combination 
thereof, B is Al, Ga, In, or a combination thereof, and E is Ce, 
Eu, Tb, Nd, or a combination thereof The value of x may be 
from about 0.00005 to about 0.1, from about 0.0001 to about 
0.01, or alternatively from about 0.001 to about 0.005. In 
some embodiments, A is Y; E is Ce; B is Al; and x is from 
about 0.00005 to about 0.1, from about 0.0001 to about 0.01, 
about 0.001 to about 0.005, or about 0.002. 

[0019] In some embodiments, the translucent phosphor 
ceramic compact, the intermediate compact, the precursor 
poWder, or the pre-conditioned poWder may comprise a phos 
phor material having garnet structure, such as yttrium alu 
minium garnet (YAG) particles, or a rare earth doped phos 
phor material having garnet structure, such as YAGzCe 
poWder. In some embodiments, the phosphor material may 
comprise cerium, yttrium, aluminum, and oxygen, Wherein 
the cerium to yttrium molar ratio is from about 0.002 to about 
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0.02, from about 0.00025 to about 0.0065, from about 0.0014 
to about 0.007, or alternatively, from about 0.0014 to about 
0.003. 

[0020] In some embodiments, a precursor powder may 
comprise a mixture of metallic oxides, Which may be con 
verted to a ceramic material by a heating In some embodi 
ments, the precursor poWder may comprise yttrium alu 
minium monocyclic (YAM), yttrium aluminium perovskite 
(YAP), amorphous yttrium aluminum oxide, or a combina 
tion of one or more of these. If aYAGzCe translucent ceramic 

compact is sought, a precursor poWder comprising YAGzCe 
poWder, YiAliO4Ce containing amorphous poWder, 
mixtures ofYAlO3zCe andAl2O3 poWders, mixtures ofY2O3, 
A1203, and CeO2 poWders, and any combination thereof, may 
be used. Precursor poWders such as these might be prepared 
by dissolving yttrium nitrate, aluminium nitrate, and cerium 
(III) nitrate, or hydrates thereof, in Water and introducing the 
solution to a RF plasma chamber. 

[0021] A precursor poWder may be heated under a reducing 
atmosphere to provide a pre-conditioned poWder of the 
desired YAG phase. In one embodiment, the preferred siZe of 
the resultant pre-conditioned poWder for molding into a com 
pact and subsequent sintering is betWeen about 50 nm and 
about 500 nm. In another embodiment, the preferred siZe 
range for the pre-conditioned poWder is betWeen about 75 nm 
and about 300 nm. In another embodiment, the preferred siZe 
for the pre-conditioned poWer is about 100 nm to about 150 
nm. 

[0022] Heating under a reducing atmosphere may occur at 
any temperature of about 10000 C. or higher, but beloW the 
sintering temperature of the ceramic processing step. For 
example, in some embodiments, the precursor poWder such as 
YAG, YAP, YAM or amorphous yttrium aluminum oxide is 
heated at a temperature above about 10000 C. but below 
14500 C. In some embodiments, the precursor poWders are 
heated to a temperature from about 10000 C. to about 14000 
C., about 11000 C. to about 13000 C., or from about 11500 C. 
to about 12500 C. 

[0023] While not intending to be limiting, under some cir 
cumstances the heating temperature may be related to the 
original particle siZe. For example, in some embodiments, 
Where the precursor poWder particle siZe is about 75 nm or 
smaller, it is desired that the particle siZe of these smaller 
particles be controlled or altered to the preferred particle siZe 
described above in addition to converting the phase of the 
material to the preferred YAG phase. For these smaller par 
ticles, such as those at about 1 nm to about 75 nm in diameter, 
a higher temperature (eg about 1200-about 13500 C.) and 
longer heating time period may be desirable to achieve the 
desired particle siZe described above. 
[0024] In other embodiments, for larger particles closer to 
the preferred particle siZe, e.g., about 100-300 nm in diam 
eter, a loWer temperature (eg about 1000 to about 12000 C.) 
than that applied to smaller particles may be desirable. In 
some embodiments, the temperature is at least about 10000 
C., at least about 10500 C., at least about 11000 C., at least 
about 11500 C., or least about 12000 C. and may be up to 
about 13500 C., up to about 13000 C., or up to about 12500 C. 
Heating may occur for any length of time depending upon the 
circumstances. In some embodiments, heating occurs for at 
least about 0.1 hours or at least about 1 hour and may occur for 
up to about 5 hours or up to about 10 hours. 
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[0025] In some embodiments, a reducing atmosphere may 
be an atmosphere that has a greater tendency to reduce a 
composition as compared to air. Examples of reducing atmo 
spheres may include atmospheres comprising reducing gases 
such as hydrogen gas, ammonia, hydraZine, carbon monox 
ide, incomplete carbon combustion products, etc., and a mix 
ture thereof Any reducing gas may also be diluted in an inert 
gas such as nitrogen, helium, neon, argon, krypton, xenon, 
etc., and a mixture thereof, to provide a reducing atmosphere. 
For example a reducing atmosphere may comprise a mixture 
of nitrogen and hydrogen, or a mixture of argon and hydro 
gen. In some embodiments, the reducing atmosphere may 
comprise hydrogen gas (H2) at a concentration of about 1% to 
about 10%, about 1% to about 5%, about 2% to about 4%, or 
about 3% by volume in nitrogen or argon. The atmosphere 
may consist essentially of hydrogen in these concentration 
ranges diluted in argon or nitrogen. In some embodiments, 
heating occurs under a reducing atmosphere comprising 
about 3% (v/v) H2 and about 97% (v/v) N2 at about 12000 C. 
for about 2 hrs. In some embodiments, the reducing atmo 
sphere comprises a mixture of at least one inert gas and 
hydrogen gas. 
[0026] In some embodiments, prior to heating the plurality 
of precursor poWders or particles under reducing atmosphere, 
the precursor poWders may also be heated under air or ambi 
ent atmosphere at about 10000 C. to about 13500 C. 

[0027] Next, an intermediate compact comprising a pre 
conditioned poWder (provided by heating a precursor poWder 
under a reducing atmosphere) and a ?ux material is formed. 
In some embodiments, the ?ux material may be a substance 
that increases the crystallinity of a phosphor. Examples of 
?ux materials include, but are not limited to, alkali metal 
halides such as NaCl or KCl, silicon-containing materials, 
such as silica, magnesium containing materials such as SiO2 
or MgO, and tetraethyl orthosilicate, and organic compounds 
such as urea. 

[0028] An intermediate compact may be formed by any 
suitable means. For example, an intermediate compact may 
be formed by molding or shaping a mixture of the pre-con 
ditioned poWders and the ?ux material into a desired shape. In 
some embodiments, a simple die, hot isostatic pressing (HIP), 
cold isostatic pressing (CIP), and other methods may be uti 
liZed for molding. In other embodiments, controlled quanti 
ties of a mixture are loaded in a mold folloWed by applying 
pressure. While not intending to be limiting, a process of 
loading controlled quantities of a mixture folloWed by apply 
ing pressure may help to control the thickness of a phosphor 
translucent ceramics layer. In some embodiments, the applied 
pressure is about 18 to about 370 MPa, about 150 to about 220 
MPa, about 170 to about 190 MPa or about 180 MPa. 

[0029] In some embodiments, the intermediate compact 
may comprise additional material such as a binder resin, a 
dispersant, and/or a solvent to aid the mixing and molding 
processes. A binder may be any substance that improves 
adhesion of the particles of the composition being heated to 
form a ceramic solid. Some non-limiting examples of binders 
include polymers such as polyvinyl alcohol, polyvinyl 
acetate, polyvinyl chloride, polyvinyl butyral and polysty 
rene, polyethylene glycol, polyvinylpyrrolidones, polyvinyl 
acetates, polyvinyl butyrates, Poly(vinyl butyral-co-vinyl 
alcohol-co-vinyl acetate), polyvinylacetate (PVA), etc. In 
some, but not all circumstances, it may be useful for a binder 
to be suf?ciently volatile that it is completely removed from 
the When the intermediate compact is heated under vacuum. 
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Some non-limiting examples of solvents include organic sol 
vents, including Cl-C4 alcohols, such as methanol, ethanol, 
etc. 

[0030] In some embodiments, a combination of a pre-con 
ditioned powder comprising YAG particles, poly (vinyl 
butyral-co vinyl alcohol-co vinyl acetate), and fumed silica 
nanoparticles are mixed and compressed to provide the inter 
mediate compact. 
[0031] An intermediate compact provided by molding a 
mixture of pre-conditioned poWders and the ?ux material can 
then be heated under a vacuum at any temperature of about 
14000 C. or higher to form the translucent phosphor ceramic 
compact. In some embodiments, as the intermediate compact 
may be heated to a temperature of at least about 14500 C. or 
at least about 15000 C., and up to about 16500 C., about 17000 
C., about 18000 C., or about 19000 C. In some embodiments, 
the intermediate compact is heated or sintered under vacuum 
at betWeen about 14500 C. to about 19000 C. In some embodi 
ments, the intermediate compact is heated or sintered under 
vacuum at betWeen about 16000 C. to 18000 C. In some 
embodiments, the temperature may be chosen based upon the 
original particle siZe as described earlier. For example, for 
some embodiments With smaller particles, e.g., less than the 
preferred particle siZe, such as those at about 1 nm to about 75 
nm in diameter, a higher temperature (eg about 1600 to 
about 19000 C.) and longer heating time may be desirable. For 
some embodiments With larger particles closer to about 100 
300 nm in diameter, a loWer temperature (eg about 1400 to 
about 16000 C.) may be desirable. In some embodiments, the 
intermediate compact is heated to a temperature from about 
14000 C. to about 19000 C., from about 14000 C. to about 
18000 C., or from about 15000 C. to about 17000 C. 
[0032] The heating under a vacuum may occur for any 
length of time depending upon the circumstances. In some 
embodiments, heating may occur for at least about 0.1 hours, 
about 1 hour, about 3 hours and may occur for up to about 7 
hours, about 10 hours, or 20 hours. In other embodiments, an 
yttrium aluminum garnet (YAG) plate may be heated at about 
15000 C. for about 3 to about 10 hours, for about 4 to about 6 
hours, or for about 5 hours. 
[0033] A translucent phosphor ceramic compact fabricated 
using one of the above methods may be useful in light-emit 
ting devices. In some embodiments, the translucent phosphor 
ceramic compact used in such devices may be a YAG plate 
With a thickness of about 0.2 to about 1.5 mm. In other 
embodiments, a translucent ceramic compact may be aYAG 
plate With a thickness of about 1 mm and a transmittance of 
about 30% to about 50% at a Wavelength of about 800 nm. In 
other embodiments, a translucent ceramic compact may be a 
YAG plate With a thickness of about 0.5 mm and a transmit 
tance of about 50 to about 70% at a Wavelength of about 800 
nm. 

[0034] The theoretical density ofYAG is 4.55 g/cc. In those 
embodiments Where a translucent ceramic compact used in a 
light-emitting device is YAG, the density may be around that 
value depending upon any dopants or other elements present 
in the plate. In some embodiments, a translucent phosphor 
ceramic compact may be aYAG plate With a density of about 
4.4 to about 4.6 g/ cc. In some embodiments, a translucent 
ceramic compact may be aYAG plate With a density of about 
4.49 g/cc. 
[0035] Another embodiment provides a light emitting 
device comprising a phosphor translucent ceramic compact. 
The light emitting device may be any device that emits light. 
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In one embodiment, a light emitting device may be a light 
emitting diode (LED), an organic light emitting diode 
(OLED), or an inorganic electroluminescent device (IEL). 
Since the phosphor translucent ceramics disclosed herein 
may have high transparency and luminance e?iciency, they 
may be useful When utiliZed as Wavelength doWn converters 
for light emitting devices. A large variety of devices may be 
made Which alloW the light from the blue-LED to pass 
through the translucent phosphor ceramics, thus making the 
light appear more White. 
[0036] In some embodiments, the phosphor translucent 
ceramics may be mounted into a blue-LED to yield a device 
that emits light that appears more White. FIG. 1 shoWs one of 
the examples of such a device’s structure. In this device, the 
blue-LED 5 is ?xed to a substrate 1, and the phosphor trans 
lucent ceramic compact 10 is positioned so that the blue-LED 
5 is betWeen the compact 10 and the substrate 1. The blue 
LED 5 and compact 10 are encapsulated by a resin 15, Which 
is attached to the substrate 1. 
[0037] In some embodiments, multiple LEDs may be incor 
porated in to a light emitting device. For example, one 
embodiment, illustrated in FIG. 2, has several blue-LEDs 5 
Which are ?xed to the substrate 1. The phosphor translucent 
compact 10 in this embodiment is con?gured so that all of the 
blue-LEDs 5 are positioned betWeen the substrate 1 and the 
compact 10. The blue-LEDs 5 and compact 10 are encapsu 
lated by a resin 15, Which is attached to the substrate 1. 
[0038] In other embodiments, multiple emitting units com 
prising a blue-LED 5 and a phosphor translucent compact 10 
are mounted on the substrate 1. For example, another embodi 
ment illustrated in FIG. 3 has several blue-LEDs 5 ?xed to the 
substrate 1. A multiplicity of the phosphor translucent com 
pacts 10 are each positioned such that one blue-LED 5 is 
positioned betWeen the substrate 1 and one of the compacts 
10. The compacts 10 and the blue-LEDs 5 are encapsulated by 
the resin 14, Which is attached to the substrate. 
[0039] In some embodiments, array type emitting units 
may also be assembled to form a light emitting device. As 
depicted in FIG. 4, an array of blue-LEDs 5 is mounted on the 
substrate 1. A corresponding array of phosphor translucent 
ceramics plates 10 is formed by embedding the phosphor 
translucent ceramics plates in the encapsulant resin 15. The 
matching arrays of phosphor translucent ceramics plates and 
blue-LEDs are then combined to form a light emitting device 
that emits Whiter light. 
[0040] Although the depicted phosphor translucent ceram 
ics compacts are ?at plates, any shape and thickness of the 
compact may be utiliZed according to the design require 
ments. 

Synthesis of a Cerium Doped Yttrium Aluminum Oxide Pre 
cursor PoWder 

[0041] Although many methods of preparing the materials 
or compositions disclosed herein may be apparent to those 
skilled in the art, the procedure beloW is one example of a 
method that may be used to prepare a precursor poWder 
disclosed herein. Furthermore, although the example 
describes preparation of a cerium doped yttrium aluminum 
oxide poWder, this method may be adapted to prepare the 
other precursor poWders disclosed herein. 
[0042] Yttrium (III) nitrate hexahydrate (99.9% pure, 
Sigma-Aldrich; 0.1497 mol; 57.337 g), Aluminum nitrate 
nonahydrate (99.97 pure, Sigma-Aldrich; 0.25 mol; 93.785 
g), and of Cerium (III) nitrate hexahydrate (99.99 pure, 
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Sigma-Aldrich; 0.0003 mol; 0.13 g) were dissolved in deion 
iZed water (1000 ml), followed by ultrasonication for 30 min 
to obtain a completely transparent solution. 

[0043] This transparent solution was carried into a plasma 
reaction chamber via an atomization probe using a liquid 
pump. All deposition experiments were conducted with an RF 
induction plasma torch (TEKNA Plasma System, Inc PL-35) 
operating at 3.3 MHZ. For the deposition experiments, the 
chamber pressure was maintained around 25 kPa-35 kPa, and 
the RF generator plate power was maintained in the range of 
10-12 kW. Argon was introduced into the plasma torch as 
both the swirling sheath gas and the central plasma gas via the 
gas inlet ports. Sheath gas ?ow was maintained at 30 slm 
(standard liters per minute), while central gas ?ow was 10 
slm. 

[0044] Reactant injection was performed using a radial 
atomiZation probe (TEKNA Plasma System, Inc SDR-772). 
The probe was positioned at the center of the plasma plume 
during reactant injection. The reactants were fed into the 
plasma plume at a rate of 10 ml/min during deposition. 
AtomiZation of the liquid reactant was performed with Argon 
as atomiZing gas delivered at a ?ow rate of 15 slm. Cooling 
water supply to the atomiZation probe was maintained at a 
?ow rate of 4 slm and at 1.2 MPa pressure. 

Preparation of a Pre-Conditioned Powder 

[0045] Although many methods of preparing the materials 
or compositions disclosed herein may be apparent to those 
skilled in the art, the procedure below is one example of a 
method that may be used to prepare a pre-conditioned powder 
disclosed herein. The precursor powder prepared as described 
above was heated under an N2/H2 (97/3%) atmosphere at 
12000 C. for 2 hrs to obtain the pre-conditioned powder. 

Analysis of the Precursor Powder and the Pre-Conditioned 
Powder BET Analysis 

[0046] BET is a measurement of the speci?c surface area of 
a material by utiliZing the rule for physical adsorption of gas 
molecules on a solid surface (see S. Branauer, P. H. Emmitt 
and E. Teller J. Am. Chem. Soc. (1938) 60:309). BET surface 
areas of the yttrium aluminum oxide precursor powders and 
the pre-conditioned powders prepared as described above 
were measured by surface area analyZers (Gemini V, 
Micromeritics Instrument Corporation, Norcross Ga.) as 
summariZed in Table 1. Assuming that the particle shape is 
spherical and that the density of YAG is 4.55 g/cc, the diam 
eter of theYAG particles after annealing at 12000 C. in N2/H2 
was in the range of 40-90 nm. 

TABLE 1 

BET Surface areas of precursor powder particles 
and Ere-conditioned powder particles 

Ce-doping, CeY, % Precursor powder Preconditioned powder 

0.267 137 :0 20.1101 
0.440 30.2 r 0.1 14.7 r 0.2 

0.549 135 :1 25.0 r 0.3 
0.606 149 r 0 30.9 r 0.3 
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Transmission Electron Microscopy (TEM) Analysis 

[0047] The morphologies of the yttrium aluminum oxide 
precursor powder and the pre-conditioned powder prepared 
as described above were also observed by transmission elec 
tron microscopy using a JEOL 2200 ?eld emission transmis 
sion electron microscopy (FETEM) with ?eld emission ?la 
ment at 200 kV accelerating voltage. The Particles were ?rst 
dispersed in isopropanol by sonic bath, and then the particle/ 
isopropanol solution was dropped on the lacey carbon grids to 
prepare TEM samples. 
[0048] FIGS. 5A and 5B show TEM micrographs of the 
yttrium aluminum oxide precursor powder prepared as 
described above. Although some particle siZes are approxi 
mately 40 nm in diameter, most of the particles are less than 
20 nm and the average particle siZe appears to be less than 8 
nm. High resolution (HR-) TEM micrograph in FIG. 5B 
shows amorphous structure of yttrium aluminum oxide par 
ticles. No YAG crystal structure was observed. 
[0049] FIGS. 6A and 6B show TEM micrographs of 
yttrium aluminum oxide pre-conditioned powder. The 
yttrium aluminum oxide particles appear to have fused to 
each other and become physically attached during the heating 
process. A HR-TEM micrograph of the pre-conditioned pow 
der in FIG. 6B shows clear crystal structure. No amorphous 
structure was observed. 

X-Ray Diffraction @(RD) Analysis 

[0050] The crystal structures of the yttrium aluminum 
oxide precursor powder and the pre-conditioned powder pre 
pared as described above were characterized by X-ray dif 
fraction (XRD) using a Rigaku Flex II diffraction system (Cu 
KO. radiation with 7»:0.15418 nm) operating at 30 kV. The 
diffractogram step siZe was 02°, the count time was 1 sec/ 
step, and the 20 range was from 15-70°. 
[0051] FIG. 7 shows XRD spectra of yttrium aluminum 
oxide particles with different Ce doping ratios. The XRD 
spectra of the precursor powder prepared in a manner analo 
gous to that described above is shown in FIG. 7. The broad 
peak at approximately 20:300 shows the predominance of 
amorphous phase for all particles, regardless of Ce doping 
ratio. Some of the particles may contain a YAP phase and 
some may contain aYAM phase. 
[0052] FIG. 8 shows XRD spectra of yttrium aluminum 
oxide pre-conditioned powders with a Ce/Y ratio of 0.267. In 
these experiments, the effect of the temperature at which the 
heating under a reducing atmosphere was investigated. Two 
samples were heated for 2 hrs with N2/H2 (97%/3%). One 
sample was maintained at about 10000 C. and the other at 
about 12000 C. XRD spectra showed that the phase of the 
pre-conditioned powder which had been heated at 10000 C. 
had been converted from the amorphous phase as the precur 
sor powder to the YAP phase as the pre-conditioned powder. 
The phase of the pre-conditioned powder which had been 
heated at 12000 C. had been converted from the amorphous 
phase as the precursor powder to the YAG phase as the pre 
conditioned powder. 
[0053] Differential thermal analysis (DTA) was conducted 
using TA Instruments Q600 simultaneous thermogravimetric 
and differential thermal analysis (SDT). Samples of the 
yttrium aluminum oxide preconditioned powder (5-15 mg) 
were tested to measure temperature difference AT in order to 
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detect phase changes of yttrium aluminum oxide particles in 
nitrogen purge. These samples Were ramped from ambient to 
1500° C. at 20° C./min With purging N2. A peak at approxi 
mately 950° C. indicated a phase change from amorphous to 
YAP, and a second peak at approximately 1100° C. indicated 
a phase change from YAP to YAG phases, respectively. 

EXAMPLE 1 

[0054] AYAG translucent ceramic compact plate Was pro 
cessed using a pre-conditioned poWder prepared as described 
above With Ce-doping ratio of Ce/Y:0.267 and heated in a 
N2/H2 atmosphere at 1200° C. for 2 hrs. The mixture of 
preconditioned poWder, 5 Wt. % of poly (vinyl butyral-co 
vinyl alcohol-co vinyl acetate) (PVB, Sigma-Aldrich, 
MW:90000~l20000), and 3000 Wt. ppm fumed silica nano 
particles (MH-5, Cabot Corporation) Were ?rst sonicated in 
methanol for 20 min. using a sonicator (XL-2000, Misonix 
Inc, Farmingdale N.Y.). After completely removing ethanol, 
the dried poWders Were gently grinded using mortar and 
pestle. The disc compacts of 12 mm diameter Were molded 
from either 200 mg or 400 mg mixed poWders by applying the 
compression force of approximately 10 tf at room tempera 
ture. The compacts Were heated in a high purity alumina tube 
of 82 mm outer diameter attached to a tube fumace (GSL 
1700X, MTI Corporation, Richmond Calif.) heated by a 
MoSi2 element. Heating intermediate compacts having 
masses of 200 mg and 400 mg yielded approximately 0.5 mm 
and 1.0 mm thick YAG translucent ceramic compact plates 
(Samples lb and 1a, respectively). The heating rate Was 4.0° 
C./min and the intermediate compacts Were maintained at 
1500° C. for 5 hrs under vacuum by a mechanical vacuum 
pump. The densities of the obtainedYAG translucent ceramic 
compact plates Were measured With de-ioniZed Water by 
Archimedes’ method. 

[0055] The total transmittance (Tt %) of the obtained YAG 
translucent ceramic compact plates Were measured by high 
sensitivity multi channel photo detector (MCPD 7000, 
Otsuka Electronics, Inc). First, a glass plate Was irradiated 
With monochromatic blue light With peak Wavelength of 460 
nm to obtain the reference data. Then, a YAG ceramic plate 
placed on the reference glass Was also irradiated With mono 
chromatic blue light With peak Wavelength of about 460 nm. 
Luminance spectrum Was acquired by photo detector 
(MCPD) for each sample. In this measurement, theYAG plate 
on the glass plate Was coated Withpara?in oil having the same 
refractive index as the glass plate. Tt % at 800 nm Wavelength 
of light Was used to as a quantitative measurement of trans 
parency of the YAG ceramics plates. The experimental con 
ditions and the experimental data are summarized in Table 2. 

[0056] Tt % of the 1.0 mm thick YAG translucent ceramic 
compact plate (Sample 1a) Was 42.7%, and the Tt % of the 0.5 
mm thick YAG translucent ceramic compact plate (Sample 
lb) Was 63.6%. The density of the tWo plates Was 4.49 g/cc. 
Since the theoretical density of YAG is 4.55 g/cc, these YAG 
translucent ceramic compact plates may be considered to be 
of high density. 

EXAMPLE 2 

[0057] The procedure of Example 1 Was repeated except 
that 4.0% TEOS Was used as a sintering aid instead of 3000 
Wtppm SiO2 to make Sample 2. The results are reported in 
Table 2. 
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EXAMPLE 3 

[0058] The procedure of Example 1 Was repeated except 
that the intermediate compact Was heated at 1500° C. for 50 
hrs under vacuum. Tt % of the resultant 0.5 mm thick YAG 
translucent ceramic compact plate (Sample 3) Was 61.4%. 
The density of the plate Was 4.45 g/cc. Therefore, a YAG 
translucent ceramic compact plate With high density Was 
obtained. 

EXAMPLE 4 

[0059] The procedure of Example 1 Was repeated except 
that the intermediate compact Was heated at 1600° C. for 5 hrs 
under vacuum. Tt % of the resultant 0.5 mm thick YAG 
translucent ceramic compact plate (Sample 4) Was 61.6%. 
The density of the plates Was 4.61 g/cc. Therefore, a YAG 
translucent ceramic compact plate With high density Was 
obtained. 

EXAMPLE 5 

[0060] The procedure of Example 4 Was repeated except 
that 4.0% TEOS Was used as a sintering aid instead of 3000 
Wtppm SiO2 to make Sample 5. The results are reported in 
Table 2. 

EXAMPLE 6 

[0061] The procedure of Example 1 Was repeated except 
that the intermediate compact Was heated at 1600° C. for 4 
hrs, the temperature Was then increased to 1700° C. at a rate 
of 3° C./min, and the sample Was maintained at 1700° C. for 
30 minutes, all under vacuum. Tt % of the resultant 0.5 mm 
thickYAG translucent ceramic compact plate Was 47.7%. The 
density of the plates Was 4.48 g/cc. Therefore, a YAG trans 
lucent ceramic compact plate With high density Was obtained. 

EXAMPLE 7 

[0062] The procedure of Example 1 Was repeated except 
that the precursor poWder Was heated in air at 1200° C. for 2 
hrs, and then heated under N2/H2 at 1200° C. for 2 hrs to 
provide the pre-conditioned poWder. All other conditions 
Were the same as Example 1. Tt % of the resultant 0.5 mm 
thickYAG translucent ceramic compact plate Was 67.3%. The 
density of the plates Was 4.51 g/cc. Therefore, a YAG trans 
lucent ceramic compact plate With high density Was obtained. 

EXAMPLE 8 

[0063] The procedure of Example 7 Was repeated except 
that the intermediate compact Was heated at 1600° C. for 5 hrs 
under vacuum. Tt % of the resultant 0.5 mm thick YAG 
translucent ceramic compact plate Was 74.8%. The density of 
the plates Was 4.49 g/cc. Therefore, a YAG translucent 
ceramic compact plate With high density Was obtained. 

COMPARATIVE EXAMPLE 1 

[0064] The procedure of Example 1 Was repeated except 
that the sample Was annealed at 1000° C. The results are 
reported in Table 2. 

COMPARATIVE EXAMPLE 2 

[0065] The procedure of Example 1 Was repeated except 
that no sintering aid Was used. The results are reported in 
Table 2. 

COMPARATIVE EXAMPLE 3 

[0066] The procedure of Example 1 Was repeated except 
that the sample Was annealed at 1400° C. The results are 
reported in Table 2. 
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COMPARATIVE EXAMPLE 4 

[0067] The procedure of Example 1 Was repeated except 
that the intermediate compact Was heated at 13000 C. for 5 hrs 
under vacuum. Tt % of the resultant 0.5 mm thick YAG 
ceramic compact plate (Comp 4) Was only 15.7%. Therefore, 
the plate Was not translucent. The density of the plates Was 
4.31 g/cc. 

COMPARATIVE EXAMPLE 5 

[0068] The procedure of Example 1 Was repeated except 
that the intermediate compact Was heated at 14000 C. for 5 hrs 
under vacuum. Tt % of a resultant 0.5 mm thick YAG trans 

lucent ceramic compact plate (Comp 5b) Was 41.9% and Tt % 
of a the resultant 1 mm thick YAG translucent ceramic com 

pact plate (Comp 5a) Was 24.0%. The density of the plates 
Was 4.44 g/cc. 

COMPARATIVE EXAMPLE 6 

[0069] The procedure of Comparative Example 4 Was 
repeated except that the precursor poWder Was heated in air at 
12000 C. for 2 hrs to provide a substitute for the pre-condi 
tioned poWder. All other conditions Were the same as 
Example 1. Tt % of the resultant 0.5 mm thick YAG ceramic 
compact plate (Comp 6) Was only 2.08%. The density of the 
plates Was 4.31 g/cc. 

COMPARATIVE EXAMPLE 7 

[0070] The procedure of Comparative Example 6 Was 
repeated except that the intermediate compact Was heated 
under vacuum at 14000 C. for 5 hrs. Tt % of the resultant 0.5 
mm thick YAG translucent ceramic compact plate (Comp 7) 
Was only 5.63%. The density ofthe plates Was 4.36 g/cc. 

COMPARATIVE EXAMPLE 8 

[0071] The procedure of Comparative Example 6 Was 
repeated except that the intermediate compact Was heated 
under vacuum at 15000 C. for 5 hrs. Tt % of a resultant 0.5 mm 
thickYAG translucent ceramic compact plate (Comp 8a) Was 
8.60% and Tt % of a the resultant 1 mm thickYAG translucent 
ceramic compact plate (Comp 8b) Was 6.89%. The density of 
the plates Was 4.37 g/cc. 

COMPARATIVE EXAMPLE 9 

[0072] The procedure of Comparative Example 6 Was 
repeated except that the intermediate compact Was heated at 
16000 C. for 5 hrs under vacuum. Tt % of the resultant 0.5 mm 
thick YAG translucent ceramic compact plate (Comp 9) Was 
34.5%. The density of the plates Was 4.43 g/cc. 

EXAMPLE 9 

[0073] The procedure of Example 1 Was repeated on a 
precursor poWder With a Ce-doping ratio of Ce/Y:0.440. Tt 
% of a resultant 0.5 mm thickYAG translucent ceramic com 

pact plate (Sample 9a) Was 31.3% and Tt % of a the resultant 
1 mm thick YAG translucent ceramic compact plate (Sample 
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9b) Was 41.4%. The density of the plates Was 4.46 g/cc. 
Therefore, YAG translucent ceramic compact plates With high 
density Were obtained. 

EXAMPLE 10 

[0074] The procedure of Example 9 Was repeated except 
that the intermediate compact Was heated at 15000 C. for 50 
hrs under vacuum. Tt % of the resultant 0.5 mm thick YAG 
translucent ceramic compact plate (Sample 10) Was 40.2%. 
The density of the plates Was 4.39 g/cc. Therefore, a YAG 
translucent ceramic compact plate With high density Was 
obtained. 

COMPARATIVE EXAMPLE 10 

[0075] The procedure of Example 9 Was repeated except 
that the precursor poWder Was not heated under a reducing 
atmosphere. Tt % of a resultant 0.5 mm thickYAG translucent 
ceramic compact plate (Comp 10a) Was 5.36% and Tt % of a 
the resultant 1 mm thick YAG translucent ceramic compact 
plate (Comp 10b) Was 21.6%. Therefore, the plates Were not 
translucent because the precursor poWder Was not heated 
under a reducing atmosphere. The density of the plates Was 
4.33 g/cc. 

EXAMPLE 11 

[0076] The procedure of Example 1 Was repeated on a 
precursor poWder With a Ce-doping ratio of Ce/Y:0.549. Tt 
% of a resultant 0.5 mm thickYAG translucent ceramic com 

pact plate (Sample 1 1a) Was 36.2% and Tt % of a the resultant 
1 mm thick YAG translucent ceramic compact plate (Sample 
11b) Was 25.0%. The density of the plates Was 4.40 g/cc. 
Therefore, YAG translucent ceramic compact plates With high 
density Were obtained. 

EXAMPLE 12 

[0077] The procedure of Example 11 Was repeated except 
that the intermediate compact Was heated at 15000 C. for 50 
hrs under vacuum. Tt % of the resultant 0.5 mm thick YAG 
translucent ceramic compact plate Was 41 .4%. The density of 
the plates Was 4.43 g/cc. Therefore, a YAG translucent 
ceramic compact plate With high density Was obtained. 

EXAMPLE 13 

[0078] The procedure of Example 1 Was repeated on a 
precursor poWder With a Ce-doping ratio of Ce/Y:0.601. Tt 
% of the resultant 1 mm thickYAG translucent ceramic com 
pact plate (Sample 13) Was 21.9%. The density of the plates 
Was 4.35 g/cc. Therefore, YAG translucent ceramic compact 
plates With high density Were obtained. 

EXAMPLE 14 

[0079] The procedure of Example 13 Was repeated except 
that the intermediate compact Was heated at 15000 C. for 50 
hrs under vacuum. Tt % of the resultant 0.5 mm thick YAG 
translucent ceramic compact plate (Sample 14) Was 33.9%. 
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The density of the plates Was 4.37 g/cc. Therefore, a YAG 
translucent ceramic compact plate With high density Was 
obtained. 

EXAMPLE 15 

[0080] AYAG translucent ceramic compact plate Was pro 
cessed using a pre-conditioned poWder prepared as described 
above With Ce-doping ratio of Ce/Y:0.145 and heated in a 
N2/H2 atmosphere at 12000 C. for 2 hrs. The mixture of 
preconditioned poWder, 5 Wt. % of poly (vinyl butyral-co 
vinyl alcohol-co vinyl acetate) (PVB, Sigma-Aldrich, 
MW:90000~l20000), and 4.0 Wt % tetraethyl orthosilicate 
(TEOS) (Sigma Aldrich) Were ball-milled using a planetary 
ball mill (Fritsch, Germany) in ethanol for more than 15 hrs 
using Zirconia balls having 3 mm diameter. TEOS is con 
verted into silica nanoparticles by the hydrolysis reaction 
With the existence of Water in ethanol. After completely 
removing ethanol, the dried poWders Were gently grinded 
using mortar and pestle. The disc compacts of 12 mm diam 
eter Were molded from either 200 mg or 400 mg mixed 
poWders by applying the compression force of approximately 
10 tfat room temperature. The compacts Were heated in a high 
purity alumina tube of 82 mm outer diameter attached to a 
tube furnace (GSL 1700X, MTl Corporation, Richmond 
Calif.) heated by a MoSi2 element. Heating intermediate 
compacts having masses of 200 mg yielded approximately 
0.5 mm thick YAG translucent ceramic compact plates. The 
heating rate was 4.00 C./min and the intermediate compacts 
Were maintained at 15000 C. for 5 hrs under vacuum by a 
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mechanical vacuum pump. The density of the obtained YAG 
translucent ceramic compact plate Was measured With de 
ioniZed Water by Archimedes’ method. 
[0081] Tt % of the 0.5 mm thickYAG translucent ceramic 
compact plate (Sample 15) Was 53.7%. The density of the 
plate Was 4.49 g/cc. Since the theoretical density of YAG is 
4.55 g/cc, theseYAG translucent ceramic compact plates may 
be considered to be of high density. 

EXAMPLE 16 

[0082] The procedure of Example 15 Was repeated except 
that 1.0 Wt % TEOS Was used as a sintering aid, and the 
sintering temperature Was 16000 C. The results are presented 
in Table 2. 

EXAMPLE 17 

[0083] The procedure of Example 15 Was repeated except 
that 2.0 Wt % TEOS Was used as a sintering aid, and the 
sintering temperature Was 16000 C. The results are presented 
in Table 2. 

EXAMPLE 18 

[0084] The procedure of Example 15 Was repeated except 
that the sintering temperature Was 16000 C. The results are 
presented in Table 2. 

COMPARATIVE EXAMPLE 11 

[0085] The procedure of Example 15 Was repeated except 
that no TEOS Was used and the sintering temperature Was 
16000 C. The results are presented in Table 2. 

TABLE 2 

Summag of examples and comparative examples. 

Annealing Sintering Plate 
temperature, Annealing Sintering temperature, Sintering Density, Tt % at thickness, 

Samples Ce/Y, % ° C. atmosphere aid ° C. time gcc 800 nm mm 

1a 0.267 12000 C. N2/H2 3000 Wtppm 15000 C. 5 hrs 4.49 63.6 0.573 

S102 
1b 0.267 12000 C. N2/H2 3000 Wtppm 15000 C. 5 hrs 4.49 42.7 0.966 

$102 
2 0.267 12000 C. N2/H2 4.0 Wt % 15000 C. 5 hrs 4.45 66.7 0.547 

TEOS 
3 0.267 12000 C. N2/H2 3000 Wtppm 15000 C. 50 hrs 4.45 61.4 0.516 

2 

4 0.267 12000 C. N2/H2 3000 Wtppm 16000 C. 5 hrs 4.61 61.6 0.500 

S102 
5 0.267 12000 C. N2/H2 4.0 Wt % 16000 C. 5 hrs 4.47 73.4 0.571 

TEOS 

6 0.267 12000 C. N2/H2 3000 Wtppm 16000 C./ 4 hrs/0.5 hr 4.48 47.7 0.528 
S102 17000 C. 

7 0.267 12000 C. Air—>N2/H2 3000 Wtppm 15000 C. 5 hrs 4.51 67.3 0.481 

S102 
8 0.267 12000 C. Air—>N2/H2 3000 Wtppm 16000 C. 5 hrs 4.49 74.8 0.557 

SiO2 
Comp 1 0.267 10000 C. N2/H2 3000 Wtppm 15000 C. 5 hrs 4.46 36.6 1.16 

S102 
Comp 2 0.267 12000 C. N2/H2 0.0% 15000 C. 5 hrs 4.35 17.7 1.09 

TEOS 

(sioz) 
Comp 3 0.267 14000 C. N2/H2 3000 Wtppm 15000 C. 5 hrs 4.24 10.2 1.01 

S102 
Comp 4 0.267 12000 C. N2/H2 3000 Wtppm 13000 C. 5 hrs 4.31 15.7 0.511 

SiO2 
Comp 0.267 12000 C. N2/H2 3000 Wtppm 14000 C. 5 hrs 4.44 41.9 0.574 
5a S102 
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TABLE 2-continued 
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Summag of examples and comparative examples. 

Annealing Sintering Plate 
temperature, Annealing Sintering temperature, Sintering Density, Tt % at thickness, 

Samples Ce/Y, % ° C. atmosphere aid ° C. time g/cc 800 nm mm 

Comp 0.267 1200° C. N2/H2 3000 wtppm 14000 C. 5 hrs 4.44 24 1.12 
5b SiO2 

Comp 6 0.267 1200° C. Air 3000 wtppm 13000 C. 5 hrs 4.31 2.08 0.637 

SiO2 
Comp 7 0.267 1200° C. Air 3000 wtppm 14000 C. 5 hrs 4.36 5.63 0.582 

SiO2 
Comp 0.267 1200° C. Air 3000 wtppm 15000 C. 5 hrs 4.37 8.6 0.577 
8a SiO2 

Comp 0.267 1200° C. Air 3000 wtppm 15000 C. 5 hrs 4.37 6.89 1.01 

8b SiO2 
Comp 9 0.267 1200° C. Air 3000 wtppm 16000 C. 5 hrs 4.43 34.5 0.559 

SiO2 
9a 0.440 1200° C. Air 3000 wtppm 15000 C. 5 hrs 4.46 41.4 0.541 

SiO2 
9b 0.440 1200° C. Air 3000 wtppm 15000 C. 5 hrs 4.46 31.3 0.997 

SiO2 
10 0.440 1200° C. Air 3000 wtppm 15000 C. 50 hrs 4.39 40.2 0.529 

SiO2 
Comp 0.440 N/A N/A 3000 wtppm 15000 C. 5 hrs 4.33 21.6 0.512 
10a SiO2 
Comp 0.440 N/A N/A 3000 wtppm 15000 C. 5 hrs 4.33 5.36 1 25 
10b SiO2 
11a 0.549 1200° C. N2/H2 3000 wtppm 15000 C. 5 hrs 4.4 36.2 0.555 

SiO2 
11b 0.549 1200° C. N2/H2 3000 wtppm 15000 C. 5 hrs 4.4 25 1.00 

SiO2 
12 0.549 1200° C. NZ/HZ 3000 wtppm 15000 C. 50 hrs 4.43 41.4 0.535 

2 

13 0.601 1200° C. N2/H2 3000 wtppm 15000 C. 5 hrs 4.35 21.9 0.986 

SiO2 
14 0.601 1200° C. N2/H2 3000 wtppm 15000 C. 50 hrs 4.37 33.9 0.49 

SiO2 
15 0.145 1200° C. N2/H2 4.0 wt % 15000 C. 5 hrs 4.49 53.7 0.572 

TEOS 
16 0.145 1200° C. N2/H2 1.0 wt % 16000 C. 5 hrs 4.37 45.4 0.547 

TEOS 
17 0.145 1200° C. N2/H2 2.0 wt % 16000 C. 5 hrs 4.32 52.3 0.526 

TEOS 
18 0.145 1200° C. N2/H2 4.0 wt % 16000 C. 5 hrs 4.25 58.9 0.548 

TEOS 
Comp 0.145 1200° C. N2/H2 0.0% 16000 C. 5 hrs 4.34 31.7 0.597 

11 TEOS 
(siog) 

What is claimed is: 
1. A method for fabricating a cerium doped translucent 

phosphor ceramic compact comprising: 
heating a precursor powder comprising yttrium, alumi 

num, oxygen, and cerium sources to a temperature of 
from about 10000 C. to about 13500 C. under a reducing 
atmosphere to provide a pre-conditioned powder; 

forming an intermediate compact comprising the pre-con 
ditioned powder and a ?ux material; and 

heating the intermediate compact under a Vacuum at a 
temperature of from about 14000 C. to about 18000 C. 

2. The method of claim 1, further comprising heating the 
precursor powder under air at about 10000 C. to about 13500 
C. prior to heating under a reducing atmosphere. 

3. The method of claim 1 wherein the intermediate com 
pact further comprises a binder. 

4. The method of claim 3, wherein the binder is a polymer 
binder. 

5. The method of claim 1 wherein the heating the interme 
diate compact under a Vacuum is at a temperature from about 
15000 C. to about 17000 C. 

6. The method of claim 1 wherein the precursor powder has 
a cerium to yttrium molar ratio of about 0.0002 to about 0.02. 

7. The method of claim 1 wherein the precursor powder has 
a cerium to yttrium molar ratio of about 0.00025 to about 
0.0065. 

8. A method for fabricating a translucent phosphor ceramic 
compact comprising: 

heating a precursor powder to at least about 10000 C. under 
a reducing atmosphere to provide a pre-conditioned 
powder; 

forming an intermediate compact comprising the pre-con 
ditioned powder and a ?ux material; and 

heating the intermediate compact under a under a Vacuum 
to a temperature of at least about 14000 C. 

9. The method of claim 8, wherein the precursor powder is 
heated to a temperature of about 10000 C. to about 14000 C. 

10. The method of claim 8, wherein the precursor powder 
is heated to a temperature of about 11000 C. to about 13000 C. 
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11. The method of claim 8, wherein the intermediate com 
pact is heated to a temperature of about 14000 C. to about 
19000 C. 

12. The method of claim 8, Wherein the intermediate com 
pact is heated to a temperature of about 15000 C. to about 
17000 C. 

13. The method of claim 8, Wherein the reducing atmo 
sphere comprises a mixture of at least one inert gas and 
hydrogen. 

14. The method of claim 13, Wherein the inert gas is argon 
or nitrogen. 

15. The method of claim 13, Wherein the reducing atmo 
sphere comprises about 1% to about 10% by volume of 
hydrogen gas in nitrogen gas. 

16. The method of claim 8, Wherein the precursor poWder 
comprises one or more of: amorphous yttrium oxide, yttrium 
aluminum perovskite, and yttrium aluminum monoclinic. 

17. The method of claim 8, Wherein the pre-conditioned 
poWder comprises yttrium aluminum garnet. 

18. The method of claim 8, Wherein the intermediate com 
pact further comprises a binder. 
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19. The method of claim 18, Wherein the binder is a poly 
mer binder. 

20. The method of claim 8, Wherein said translucent phos 
phor ceramic compact comprises a rare earth doped phosphor 
material having garnet structure. 

21. The method of claim 8, Wherein said translucent phos 
phor ceramic compact comprises a composition of (AHEX) 
3BSOIZ, Wherein 
A is Y, Gd, La, Lu, Tb, or a combination thereof, 
X is from about 0.00005 to about 0.1; 

B is Al, Ga, In, or a combination thereof, and 
E is Ce, Eu, Tb, Nd, or a combination thereof. 
22. A light emitting device having the translucent phosphor 

ceramic compact of claim 1. 
23. The light emitting device of claim 22, Wherein said 

light emitting device is a light emitting diode (LED), an 
organic light emitting diode (OLED), or an inorganic elec 
troluminescent device (IEL). 

* * * * * 


